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and i n t e s t i n a l  tract pathogens continue t o  be e f fec t ive  i n  preventing 

t h e i r  introducticn by new a r r iva l s  i n  the  colony. 

of the colony had t o  be removed because of the  appearance of malaria 

However, one member 

U ~ ~ H ~  PRELIMINARY EATA 

G r a n t  Number: 

Period: 

Report Number: 

Ccntractor : 

P r o j e c t  T i t l e :  

Pr inc ipa l  Investigator:  

Other Professional 
Personnel : 

SEMI-ANNUAL STATUS FXPOf(T N 6 4 - 2 5 7 6 8  

1 August 1963 t o  31 January 1964 

Four (4) 

Regents of the  University of California, 
Berkeley 

"Experimental Research on Hemodynamic and 
Metabolic Functions i n  Primates" 

Nello Pace, Ph.D., Professor of Physiology 
Department of Phys io log  
University of California,  Eerkeley 

Norman J. Barnstein, f1.D.; Ilott D. Canna,  H . D . ,  
Rutherford S. G i l f i l l a n ,  K . D . ,  Benjamin 11. 
GrwnAaum, ?h.D,, Arthur !.I. Kodaroa, Ph. D. 
and Donald F, Rahlmann, Ph.D. 

Objective: To e s t ab l i sh  physiological base l i n e  da ta  and t o  develop 

instrumentat im necessary for t h e  autohatic neasurement of hemodynamic and 

rcet abolic pa rme te r s  an primstes during prolonged periods of weightlessness . 

Status:  

has been maintained i n  general good heal th ,  as evidenced by a steady 

During the  s i x  months period of t h i s  report  t he  primate colony 
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continue to be made on the pig-tailed monkeys, primarily because of t h e i r  

s u i t a b i l i t y  for the  projected weightlessness s tud ies  i n  the Biosa te l l i t e  

P ro  j e ct . 
Two new general  procedures, me f o r  lonz-term r e s t r a i n t  and the  other  

for chronic vascular catheter  implantation, have been developed and are 

i n  process of cri t ical  test. 

examined as a nethod of e f fec t ing  chronic bladder catheter izat ion f o r  

quant i ta t ive urine col lect ian,  thus far carr ied out successfully for as 

long as two weeks without adverse effect on the  animal. 

Suprapubic cystostomy is a l s o  being 

The r e s t r a i n t  technique no3 ir? use  is based on the  f iberglass  couch 

developed earlier under t h i s  project and which includes a plexiqlas  l ap  

sh i e ld  t o  isolate the lower and upper halves of the  animal fkom each 

other. 

way t h a t  it acts fu r the r  to prevent t h e  animal's hands from touching h i s  

body below the w a i s t  o r  on the back. 

fasten through s l o t s  i n  the couch behind the  animal t o  hold h i s  upper 

t o r s o  snugly ye t  comfortably against  the couch. 

incorporates metal ra i ls  whicn s l i d e  i n  v e r t i c a l  t racks  attached inside 

a standard 55-gallon s teel  drum with a removable l i d .  

containing t h e  comfortably restralned monkey i n  a s i t t i n g  posi t ion can 

be lowered i n t o  the drum for cheap and ef fec t ive  simulation of a 

spacecraft  capsule. It also makes possible a wide var ie ty  of physiolog- 

ical  measurements on an isolated,  unanesthetized, comfortabPj res t ra ined 

animal. In  par t icu lar ,  the  r e s t r a i n t  couch configuration makes feas ib le  

the  chronic implantation of vascular and bladder catheters  which are led 

out through t h e  w a l l  of t h e  d r u m ,  and connected t o  automatic instrumen- 

t a t i o n  and le f t  unattended for days a t  a t ime .  

A nylon ne t  jacket for the monkey has been desipned i n  such a 

The jacket also has s t raps  which 

The couch i tself  

Thus the  couch 
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A new surg ica l  procedure has beer! &.;eloped for  the  vascular ca the te r  

implantations. 

t h e  w a l l  of the  i n f e r i o r  vena cava or of the  abdominal aorta after 

re t roper i tonea l  exposure of the  vessels following incision through t h e  

musculature of the  be l ly  w a l l .  

wall by means of a purse-string s u t m ,  and then w e r e  l ed  out through an 

appropriately directed needle puncture through the  dorsal. body w a l l  at 

about the  l e v e l  of the  kidneys. 

successful i n  terms of maintaining asepsis and catheter  patency for 

periods up t o  s i x  months, occasional loss of a preparation has occurred 

through development and rupture of an aneurysm about t he  entrance site 

of the  aortic catheter. 

u t i l i z e d  for seal ing i n  t h e  catheter. 

is performed and t h e  catheter  is inser ted i n t o  t h e  l e f t  subclavian a r te ry  

about one centimeter from t he  aorta and passed retrograde toward the  

hear t  u n t i l  t h e  t i p  of t h e  catheter is j u s t  inside t h e  aorta. 

ca the te r  is  t i e d  in securely by suture loops passed around t h e  subclavian 

artery. 

of t h e  catheter. 

cava is catheterized i n  analogous fashion by way of the  azygous vein; 

i n  t h i s  case the  t i p  of the  catheter is brought t o  l i e  very near the  

entrance t o  t h e  r i g h t  atrium. 

are brought out of the  thoracic  cage through t h e  dorsal  p o r t i m  of the  

in t e rcos t a l  incision. 

Earlier, catheters w e r e  introduced throuph an incision i n  

The catheters  were t i e d  in to  the  vessel 

Although t h i s  procedure has been qui te  

Accordingly, a more posi t ive procedure has been 

In t h e  new procedure thoracotomy 

The 

The ar te ry  is also t i e d  off per ipheral  to the  point of entrance 

In  a separate operation a week apart  the  superior  vena 

Both the  arterial  and t h e  venous catheters  

Analytical chemical procedures for the  following urinary const i tuents  

are presently i n  operation: 

calcium, magnesium, ammonia, chloride, phosphate, su l fa te ,  urea, u r i c  

acid,  creat inine,  glucose, 5-hvdroxyindoleacetic acid,  17-ketosteroids, 

t o t a l  osmotic ac t iv i ty ,  sodium, potassium, 
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17-hyaroxycorticosteroids, epinephrine, nore?ine?hrhe and dopamine. 

of these can be done on urine which has been preserved by freezing. 

addition, urine pH, bicarbonate and t i t r a t a b l e  ac id i ty  can be measured on 

fresh urine. 

w h e r e  a l l  but t h e  freezing of t h e  col lected specimens has been accomplished 

successfully.  

of pig- ta i led monkey urine w i l l  begin. 

A U .  

In  

An automatic ur ine co l lec tor  has been developed t o  t h e  point 

As soon as t h i s  last feature  i s  rea l ized  rout ine analysis  

A procedure for i n  vivo measurement of total body water content by 

A 

-- 
means of t r i t ium-labeled water is now operational i n  the laboratory. 

new i n  vivo method, based on Boyle's Law, f o r  deternination of total  body 

volume is current ly  under development. 

possible  computation of body density, and hence estimation of t o t a l  body 

fat cmten t .  

composition of t he  pig- ta i led monkey. 

-- 
If successful,  t h i s  w i l l  make 

It is planned t o  use these techniques t o  measure body 

The new physiological base l i ne  da ta  obtained an the  pig- ta i led 

monkey during the  s i x  months period of the  report  are summarized i n  the  

following sections. 

Reproduction and Growth 

On 17 December 1963, follouing a gestatiun period of approximately 

170 days, a female p ig- ta i led  mmkey from our colony gave b i r t h ,  without 

complications, t o  a s ing le  male offspring. 

period, t h e  day of  conception was assumd t o  be t h e  same as t h e  day of 

ovulation, which i n  tu rn  was assumed t o  be t h e  f i f t e e n t h  day fol lcuing 

the  onset of the last menses. 

female had exhibited two menstrual cycles of 28 days and 30 days. 

one of the  cycle w a s  considered t o  be the  first day of menses. 

I n  estimating the  ges ta t ion  

Prior  t o  exposure t o  a fer t i le  male, the  

D a y  

Regular X-ray and anthropoidimetric measurements of t h i s  male of  

known b i r t h  da te  w i l l  permit precise description of s k e l e t a l  growth 



changes i n  relation t o  

on a female pig-tailed 

measurement of various 

5 

chronological age. 

monkey of known b i r t h  date. 

parts of t h e  body of t h i s  female f r o m  6 mmths t o  

Similar da t a  are being col lected 

Changes i n  l i n e a r  

2 years  of age are presented in  Table 1. 

Motile sperm cells from the  caudal epididymis were col lected w i t h  a 

From f ixed needle and syringe f r o m  two anesthetized pig-tailed monkeys. 

s ta ined  smears, marphological measurements of  t h e  head and t a i l  we= 

obtained. 

58.8 LC. 
f o r  e jaculated human spermatozoa are approximately 5 IJ for the  head len@h 

and 45 LC for the  length of the t a i l .  

Hemato logy 

Mean head length w a s  found t o  be 6.6 u, and mean t a i l  length 

By comparison, values Detailed r e s u l t s  are sham i n  T a b l e  2. 

Blood samples w e r e  col lected from unanesthetized monkeys by 

venipuncture of t h e  lesser saphenous vein. 

arterial blood samples w e r e  obtained from indwellin? catheters.  

Hematological da ta  from 8 male and 3 female monkeys are presented i n  

Table 3. 

Hemodynamics 

Additional venous and 

Data on hear t  rate, respiratory rate and blood pressure f o r  unanes- 

t he t i zed  and anesthetized p i p t a i l e d  monkeys are presented in Table 4. 

Variations i n  t h e  values obtained from the  anesthetized mankeys w e r e  

probably due i n  part t o  the  type of anes the t ic  agent used and t h e  depth 

of anesthesia. 

30 hours. 

animals were removed from t h e i r  capes and placed i n  cha i rs  f o r  one hour 

p r i o r  t o  in i t ia l  measurements. 

of normal noise and movement within the  laboratory area. 

measured i n  a r e s t r a i n t  couch inside a steel drum as described earlier. 

The t i m e  span of each t r i a l  var ied from 2 hours t o  

With t h e  exception of monkey #27 a l l  of the  unanesthetized 

During t he  t r i a l s  the  animals w e r e  aware 

Monkey #27 w a s  
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I n  t h i s  environment, he remained r e l a t i v e l y  %ee from outsi2e s t imuli .  

animal #13 the  t i p  of the  venous ca the te r  w a s  ac tua l ly  placed i n  the  pulmonary 

artery, and in animal 824 the  t i p  w a s  j u s t  within the r i g h t  ventr ic le .  In  

t h e  o ther  four m d e y s ,  #20, #27, #33 and #34, t h e  ca the te r  t i p  w a s  i n  t h e  

vena cava a t  approximately the  l eve l  of t h e  opening i n t o  the r i g h t  atrium. 

Although negative pressures were generally seen i n  these four animals, 

pos i t i ve  venous pmssures were noted during vocalization, drinkinp and 

o ther  body movements. 

In  

Tables 5 and 6 summarize the henodynamic da ta  obtained f r o m  two 

unanesthetized pig- ta i led monkeys with chronically implanted a o r t i c  and 

vena caval catheters.  

was used for cardiac output determinatian by means of indocyanine green 

dye. Pulmonary c i rcu la t ion  t i m e  w a s  measured from t h e  time of dye 

in jec t ion  t o  the  i n i t i a l  appearance of dye in t he  arterial blood. 

Complete c i rcu la t ion  time was determined from t h e  i n i t i a l  appearance of 

dye i n  t h e  arterial blood t o  i n i t i a l  appearance of recirculat ion.  

estimate of blood volume w a s  obtained by extrapolat ion of the  arterial 

dye concentration curve back t o  zero t i m e ,  after mixing had occurred. 

The s ingle  in jec t ion  indicator-di lut ion technique 

An 

Systemic (per ipheral)  res is tance was computed as the  difference 

between mean systemic a r t e r i a l  pressure and mean r i2h t  a t r ia l  pressure 

divided by cardiac output, as follows: 
r 

-a 
C.O.(liters/min) x 1000 cm3/liter x 0.0167 min/sec 

- 
(mm Hg)] Hg) - 'rkzht atrium 80 [F 

aorta c 

dyne sec/cm3 R , =  

* dynes/cm2/mm HI: 
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Cardiac work, actual ly  l e f t  ventr icular  power, was computed as t h e  

product of mean systemic arterial pressure and cardiac output, as follows: 

C.W. = 2.22 x 10-3 aorta (rmn Hg) x C.O.(liters/ming watts or lo7 erp;s/sec 

Body Temperature. 

Rectal temperature of a p i p t a i l e d  monkey i n  comfortable couch 

r e s t r a i n t  was measured for several  days by means of a thermistor inser ted 

10 m i n t o  t h e  colon. 

Table 7. 

and evening, while lowest temperatures occurred during the  morning. 

Ambient temperature was maintained at  24OC + 2OC. 

l i g h t  period var ied s l i g h t l y  from day t o  day, but i n  general  was about 

12 hours followed by 12 hours of darkness. 

The hourly temperature rea&ings are shown i n  

The highest temperatures were recorded i n  the late afiemecr, 

The length of the - 
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T a b l e  1. Anthropoidimetric Measurements of a Growing Female Pig-tailed 
i-lonkey (Moth, #6, Birth Date 29 Cecember 1961) 

1-Ieasuremen t 
Age in Elonths 

6 12 18 24 

Crown t o  base of t a i l  

Crown t o  t i p  of t a i l  

Midline around shoulder t o  t i p  of f inger  

Midline around h ip  t o  t i p  of toe 

Greater trochanter to knee jo in t  

Knee j o in t  t o  lateral malleolus 

Humeral head t o  surface raCial epicondyle 

T i p  of olecranon t o  u l n a r  styloid 

Circumference of head o c c i p i t a l  t o  
supraoptic (above ears 1 

Circumference or' chest a t  nipples 

Circumference of abdomen a t  umbilicus 

Body Weight (kg) 

27.9 

40.6 

30.5 

33.7 

9.2 

8.1 

7.3 

9.0 

23.0 

20.1 

19.5 

1.40 

38.0 

53.0 

33.8 

37.3 

10.8 

11.4 

9 01 

10.1 

24.4 

22.9 

20.8 

1.79 

40.0 

56.0 

35.8 

39.7 

11.9 

E! .2 

10.6 

11.5 

25.0 

23.8 

19.8 

2.35 

44.0 

62.0 

41.0 

45.0 

13.0 

13.0 

11.5 

1 2 . 5  

26.0 

26.0 

22 .o 

2.89 
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Table 2. Measurement of Epididymal Sperm from Two P i p t a i l e d  Monkeys 

A n i m a l  #5  Animal #l4 

Head Length (11) 6.6 (5.9-7.4)* 6.5 (5.9-6.9) 

Head 1&3th at 
Nidest portion of anterior cap (11) 4.7 (3.9-5.3) 3.8 (3 .b5.3)  

Distal perimeter of cap 3.5 (3.2-3.9) 3.3 (2.8-4.3) 

Base of head (PI 2.4 (1.6-2.8) 2 .O ( 1.6-2 3) 

Length of Mid Piece (11) 10.6 (9.4-11.0) 11.1 (9.7-13.3) 

Length of T a i l  (11) 58.1 (52.4-61.9) 59.4 (55.7-62.8) 

* Numbers i n  parentheses are ranges. 
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Table 7. Rectal Tenperatwe of a Pig-Tailed llonkey (Bardolph, #27) 
during a 10-Day Stay in Comfortable Couch Zestmint. 

Time 

0100 

0200 

0 300 

0400 

0500 

0600 

0 700 

0 800 

0900 

1000 

1100 

1200 

1300 

1400 

1500 

1600 

1700 

1800 

1900 

2000 

2 100 

2200 

2300 

2 400 

3rd 

39.9 

39.7 

39.7 

39.6 

39.4 

39.2 

39.2 

39.2 

39.4 

4th 

39.3 

39.2 

39.2 

38.9 

38.9 

38.8 

38.8 

38, E 

38.8 

38.9 

39.0 

39.1 

39.2 

39.2 

39.3 

39.2 

39.4 

39.5 

39.5 

39.5 

39.5 

39.4 

39.3 

39.2 

Day in Couch 
5th 6th 7th 

39.1 38.3 - 
39.0 38.2 - 
39.0 38.4 - 
30.9 38.4 - 
38.8 38.3 - 
38.6 38.3 - 
38.5 38.3 - 
38.4 38.3 39.5 

38.4 38.2 39.7 

38.3 38.2 39.0 

38.3 38.3 - 
38.2 38.3 39.0 

38.4 38.2 39.0 

38.5 38.2 39.4 

38.5 38.4 39.6 

38.6 - 39.6 

38.6 - 40.4 

38.6 - - 
38.5 - 39.6 

38.5 - - 
38.4 - - 
38.3 - - 
38.4 - - 
38.3 - - 

8th 

- 
- 
- 
- 
- 
- 

38.4 

38.2 

38.4 

38.4 

38.5 

- 
- 

39.1 

- 
* 

39.5 

39.4 

39.4 

39.3 

39.2 

39 .O 

39.1 

39.0 

9th 

38.9 

38.8 

38.7 

38.7 

38.7 

38.6 

38.4 

38.5 

38.7 

39.1 

39.2 

39.1 

39.1 

39.1 

39.4 

39.6 

39.7 

39.7 

39.7 

39.6 

39.6 

39.5 

39.6 

39 .6 

10th 

39.5 

39.4 

39.2 

39.2 

39.1 

39.1 

39.0 

39.0 

38.9 

38.9 

39.0 

39.3 

39.3 

39.3 

39.4 

39.4 

39.6 

39.6 


